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Conversion

Introduction
The USDA Forest Products Laboratory (FPL) and cooperators such as APA-The Engineered Wood Association have a long history of researching the properties and performance characteristics of sandwich-type products. Structural insulated panels (SIPs) are a commercially available product that has evolved from early FPL sandwich material research. SIPS are now in wide use throughout both residential and nonresidential construction industries, with over 70 million square feet produced on a yearly basis. Several in-service concerns have arisen related to the use of SIPs, and answers to these concerns would greatly enhance the growth of the SIP industry. For example, limited data are available for the creep performance of SIPs under in-service conditions. This paper summarizes results of a pilot study designed to investigate the creep characteristics of SIPs under indoor environmental conditions.
Background
Structural insulated panels are a composite building material. They consist of a sandwich of two layers of structural facers with an insulating layer of foam plastic insulation adhered between. The facers can be sheet metal, oriented strandboard (OSB), or other materials, and the foam plastic insulation is usually expanded polystyrene (EPS), extruded polystyrene (XPS), or polyurethane foam.
Structural insulated panels have structural properties similar to those of an I-beam or I-column. The rigid insulation core of the SIP performs as a web, and the facers perform as flanges. Structural insulated panels replace several components of conventional buildings, such as studs and joists, insulation, vapor barrier, and air barrier. As such they can be used for many different applications, such as exterior wall, roof, and floor systems.
Structural insulated panels are most commonly made of OSB panels sandwiched around a foam core made of EPS, XPS, or rigid polyurethane, but other materials can be used, such as plywood, steel, aluminum, cementitious panels, and even exotic materials such as stainless steel, fiber-reinforced plastic, and magnesium oxide. Some SIPs use fiber-cement or plywood for the panels, and agricultural fiber, such as wheat straw, for the core. This study considered only SIPs made with OSB facings and an EPS core.
Creep is the tendency of a solid material to deform slowly under the influence of sustained load. It occurs as a result of long-term exposure to levels of stress that are below the yield strength of the material. Creep increases with higher temperatures.
The rate of creep deformation is a function of material properties, exposure time, exposure temperature, moisture, and applied structural load. Depending on the magnitude of the applied load and its duration, deformation may become so large that a component can no longer perform its intended function.
Structural insulated panels are frequently used in both floor and roof application. Historically, determination of transverse load capacities of SIPs for these applications has been conducted using ASTM E 72, which is a short load duration test. 
Materials and Methods
Material Selection and Specimen Preparation
The test specimens were sampled from a regular production run and are representative of the product under evaluation. For the end blocking, the International Residential Code (IRC) detail was followed, and 8d common (0.131 by 2.5 in.) nails were hand-driven at 6 in. on center. Table 1 shows specimen and test configuration details, and Figure 1 shows the end conditions for SIP specimens, as noted in Table 1 . The relatively long-span (span-to-depth ratio of 18:1) and short-span (span-to-depth ratio of 4:1) tests at the FPL and APA, respectively, are intended for evaluation of bending and shear creep performance.
Test Methods
All testing was conducted using ASTM D 6815 as the basis. Testing conducted at FPL was in a controlled environment of 70 °F and 50% relative humidity (RH). The testing conducted at APA was at indoor laboratory ambient conditions, which were monitored throughout the creep tests. All test specimens were simply supported and loaded by two equal concentrated forces spaced a distance of one-third the total span from the end supports. The loading rate for the shortterm test was such that the target failure load was achieved in approximately 1 min. The creep test specimens were loaded such that the average time to attain the preselected constant stress level did not exceed the average time to failure of the short-term tests. The specimens were subjected to three long-term test loads (33%, 22%, and 11% of the average maximum short-term failure load) for a minimum period of 90 days. During this period, midspan deflection readings were taken for each specimen until the 90-day time period has elapsed. At a minimum, deflection readings were taken at approximately once per second after the application of the constant load (initial deflection), and every minute for the first hour, then every 30 min for the next 120 days, including a 30-day creep recovery.
The test loads was removed after 90 days, and the midspan deflections continued to be monitored for the remaining 30 days. After the creep recovery period, all specimens were tested in the same manner as the short-term (control) tests to determine the residual strength of each specimen after the 90-day creep loading.
Test results obtained from the short-term (control) and 90-day creep tests and residual strength after the creep tests, are provided in Tables 2 to 11 .
Results and Discussion
The FPL testing was performed as outlined in Figures 2 Tables 2  to 9 ).
Conclusions and Recommendations
The next phase of testing will attempt to develop creep factors for this specific product with statistical factors in accordance with ASTM D 6815. A wood or wood-based product that meets the criteria of ASTM D 6815 would be one that exhibits duration of load performance that is characteristic of structural lumber in its dry-use condition. 
